reaction flask under an argon atmosphere. The mixture heated at reflux for 12 h. After removal of solvent and excess P(OEt)3, the residue was purified by silica gel chromatography with dichlorometane as an eluent. The product 3 was obtained by suction filtration with methanol and hexane in 29% yield from TTF (16.7 mg). 3: Brown powder; 1 H NMR (CDCl3, 400 MHz) δ 2.42 (s 12H), 2.44 (s 12H), 6.60 (s, 4H), 6.74 (d, J = 4.0 Hz, 4H), 7.02 (d, J = 4.0 Hz, 4H); Mp 275!276 o C. This compound is too insoluble to record a 13 C NMR spectrum.
Synthesis of 4 (Scheme 2b):
Compound 13 (24.3 mg, 0.017 mmol), 11 (61.2 mg, 0.270 mmol), dry-toluene (0.7 mL), and P(OEt)3 (0.7 mL) were placed in a 50-mL reaction flask under an argon atmosphere. The mixture heated at reflux for 12 h. After removal of solvent and excess P(OEt)3, the residue was washed by methanol, hexane, and acetone in 44% yield from 1a.
Compounds 6 and 7 were synthesized as below;
Typical procedure for synthesis of 6 and 7: To a mixture of 15 (370.3 mg, 2.00 mmol) and 16 (1.151 g, 2.11 mmol) in dry-acetonitrile (10 mL) was added triethylamine (2.5 mL) at 0 °C under an argon atmosphere and the mixture was stirred for 6 h at room temperature. After removal of solvent and excess triethylamine, the residue was purified by suction filtration with cold methanol. The product 6a was obtained in 86% yield (627.9 mg, 1.73 mmol). 9, 13.6, 110.1, 118.2, 121.1, 121.2, 127.9, 131.4, 135.5 135.9 3, 53.4, 114.2, 120.0, 128.2, 129.0, 131.4, 131.6, 131.7 134.6, 159.6, 160.1; Mp 112!113 113.4, 119.6, 121.2, 122.0, 125.9, 126.3, 128.5, 131.7 134.0, 134.8, 135.6; Mp 182!183 9, 19.1, 107.6, 110.7, 123.7, 125.1, 127.9, 130.1, 131 .6 142.0; Mp 41!42 o C (decomposed). 7b: White powder; 1 H NMR (C6D6, 400 MHz) δ 1.93 (s 3H), 1.97 (s 3H), 6.33 (s 1H), 6.43 (d, J = 3.6 Hz, 2H), 6.80 (d, J = 3.6 Hz, 2H); 13 C NMR (CDCl3, 100 MHz) δ 12. 9, 13.6,110.1, 118.2, 121.1, 121.2, 127.9, 131.4, 135.5 135.9 ; Mp 61!62 o C (decomposed). 7d: White powder; 1 H NMR (CDCl3, 400 MHz) δ 6.64 (s 1H), 6.68 (d , J = 4.0 Hz, 1H), 6.99 (d , J = 4.0 Hz, 1H), 7.12-7.17 (m, 2H), 7.23-7.25 (m, 1H) , 7.28-7.32 (m, 1H); 13 C NMR (CDCl3, 100 MHz) δ 107. 4, 110.8, 121.2, 122.0, 124.0, 125.7, 126.2, 130.0, 132.0, 135.2, 136.2, 142.2 ; Mp 68!69 o C (decomposed).
Synthesis of 9:
Pd(OAc)2 (25.5 mg, 0.113 mmol), PtBu3•HBF4 (98.5 mg, 0.340 mmol), and Cs2CO3 (737.7 mg, 2.263 mmol) were placed in a 30-mL reaction flask under argon. 1,4-Dioxane (2mL) was added and the mixture was stirred for 10 min at 50 o C. A solution of compound 8 (516.2 mg, 1.947 mmol) in 1,4-dioxane (2mL) and TTF (38.4 mg, 0.188 mmol) was added. The mixture heated at 110 o C for 72 h. The obtained solid was washed by dichlorometane and methanol to yield 9 as a dark brown oil. Being identified by 1 H NMR, this compound was used for the next step without further purification.
Synthesis of 10:
To a mixture of 9 (300.8 mg) in DMF (10 mL) and distilled water (10 mL) was added PTSA•H2O (244.0 mg, 0.602 mmol) at room temperature and the mixture was ! S7! stirred for 1 h. The organic compounds were extracted with dichlorometane three times. The combined organic layer was washed with H2O, sat. NaHCO3 aq., and sat. NaCl aq., dried over anhydrous Na2SO4, and concentrated in vacuo. The obtained solid was washed by methanol and hexane to yield 10 as a black solid. Being identified by 1 H NMR, this compound was used for the next step without further purification.
Compound 12 was synthesized as below;
Synthesis of 12: Compound 21 (196.1 mg, 0.501 mmol), 11 (456.0 mg, 2.01 mmol), drytoluene (2.4 mL), and P(OEt)3 (2.4 mL) were placed in a 50-mL reaction flask under an argon atmosphere. The mixture heated at reflux for h. After removal of solvent and excess P(OEt)3, The residue was washed by methanol in 80% yield. 8, 18.8 (2C), 18.9, 111.7, 122.1, 123.2, 126.0, 126.2, 126.5, 127.0, 131.1, 131.2, 132.3, 132.7, 135.5 ; Mp 133!134 o C; HRMS (MALDI-TOF): m/z calcd for C18H17BrS8: 567.8279; found: 567.8280.
Synthesis of 13:
To a mixture of 1a (33.0 mg, 0.025 mmol) in DMF (10 mL) was added POCl3 (74 µL, 0.79 mmol) at 0 o C and the mixture was warmed to room temperature and stirred for 2 h. After the reaction, 1M NaOH aq. (1.2 mL) was added at 0 o C and the mixture was warmed to room temperature and stirred for 30 min. The mixture was extracted with dichlorometane. The combined organic layers were washed with H2O and sat. NaCl aq. three times, dried over anhydrous Na2SO4, and concentrated in vacuo. The product was obtained by suction filtration with dichlorometane and hexane in 44% yield from 1a. Being identified by 1 H NMR, this compound was used for the next step without further purification.
Synthesis of 21:
Compound 6a (1.150 g, 3.16 mmol) in DMF (20 mL) was added POCl3 (1.2 mL, 12.7 mmol) at 0 o C and the mixture was warmed to room temperature and stirred for 2 h. After the reaction, 1M NaOH aq. (38 mL) was added at 0 o C and the mixture was warmed to room temperature and stirred for 30 min. The mixture was extracted with dichlorometane. The combined organic layers were washed with H2O and sat. NaCl aq. Three by suction filtration with dichlorometane and hexane in 77% yield. 8, 19.2, 121.3, 122.3, 125.8, 130.2, 132.5, 133.6, 135.5, 160.8, 183.2; Mp 158!159 
